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Influence of osmotic stress on heat shock proteins 25 and 72 in
mouse mesangial cells. Previous studies have shown intense
staining for heat shock protein 25 (HSP25) in the extraglomerular
mesangium (EGM). Because relationships are believed to exist
between osmotic stress, expression of HSP25, and protection
against stress and because the EGM may be exposed to high local
tonicity, we examined the expression of HSP25 and the major
stress-inducible and cytoprotective HSP72 in mouse mesangial
cells and embryonic lung fibroblasts (3T3) after exposure to
hypertonic stress (addition of 150 mM NaCl to the medium for two
to seven days). Mesangial, but not 3T3, cells expressed high levels
of HSP25 already under control conditions, whereas neither cell
line contained HSP72. Hypertonic treatment neither enhanced
(mesangial cells) or induced (3T3 cells) HSP25 expression.
HSP72, however, was induced strongly in 3T3 cells, but only
minimally in mesangial cells. The high level of HSP25 in mesan-
gial cells thus seems not to be a consequence of high tonicity in the
EGM because cultured mesangial cells express HSP25 already
under control conditions, and osmotic stress did not induce
HSP25 in either cell line. Furthermore, high amounts of HSP25
seem to reduce the requirement for HSP72 after stress exposure,
suggesting that, in mesangial cells, HSP25 might assume some
functions of HSP72.
High levels of heat shock protein 25 (HSP25) are detect-
able in the extraglomerular mesangial (EGM) region of the
juxtaglomerular apparatus [1]. HSP25 expression is regu-
lated physiologically by hormones, cytokines, state of dif-
ferentiation, etc., but is also highly inducible by stressors
(heat, arsenite, oxidants, etc.) [2] including osmotic stress
[3]. Because the EGM region may be exposed to high local
tonicity [4], this osmotic stress might be responsible for the
high levels of HSP25 in this region. To test this hypothesis,
we exposed a mesangial cell line [5] for varying periods to
hypertonic stress and analyzed HSP25 expression. To de-
fine mesangial cell-specific effects, cells of an embryonic
lung fibroblast line (3T3) were subjected to the same
experimental protocols.
Increased HSP25 contents protect cells against environ-
mental stressors [6]. Another HSP, HSP72, is also cytopro-
tective, but is detectable only after stress exposure [7]. To
examine whether the requirement for HSP72 after stress
exposure is influenced by high levels of HSP25, HSP72
induction after stress exposure was also determined.
METHODS
Mouse glomerular mesangial cells (SV40 MES13 [5];
ATCC CRL 1927) and embryonic lung fibroblasts (BALB/
3T3: ATCC CCL-163) were grown in Dulbecco’s modified
Eagle’s medium supplemented with 2.5% and 10% fetal
calf serum, respectively, plus antibiotics (all Gibco, Paisly,
UK). In hyperosmotic stress experiments, the medium was
supplemented with 150 mM NaCl; for heat stress experi-
ments, cells were exposed to 41.5°C for five hours. For
protein isolation, cells were lysed in a solution described
previously [1] by three cycles of thawing and freezing and
five minutes sonication. After centrifugation (10,000 g, 5
min, 4°C), the supernatant was kept as the “cytoplasmic
fraction.” Protein in the pellet was extracted by shaking (in
6 M urea containing 0.1% Triton X-100, 30 min, 4°C),
sonication (5 min), and centrifugation (16,000 g, 20 min,
4°C). This supernatant represents the “pellet fraction.”
Western blotting and immunodetection were performed as
described elsewhere [1] using the previously described
antibodies and antisera and an antiserum specific for b
actin (A-2066; Sigma, Deisenhofen, Germany). b-Actin
values were used to correct for variations in protein load-
ing.
A synthetic oligonucleotide (30-mer) complementary to
the sequence 59-CC ATG GTG CTG ACC AAG ATG
AAG GAG ATC G-39 was used as a selective probe for
HSP72 mRNA [8] and was end labeled with digoxigenin
using a DIG Oligonucleotide Tailing Kit (Boehringer
Mannheim, Mannheim, Germany). Specific probes for
HSP25 and b-actin mRNAs were synthesized by reverse
transcriptase-polymerase chain reaction (RT-PCR). Total
RNA from heat-shocked mesangial cells was reverse tran-
scribed with “Ready To Go T-Primed First Strand” Kit
(Pharmacia, Freiburg, Germany), and PCR was carried out
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on 2 ml of the RT reaction using a nucleotide solution with
0.35 mM digoxigenin-dUTP (Boehringer Mannheim). A
385-bp HSP25 fragment (nucleotides 8 to 392) was ampli-
fied by PCR (94°C denaturation, 61°C annealing, 72°C
extension, 25 cycles, MWG Taq polymerase; MWG, Eber-
sberg, Germany) with specific primers (sense, 59-AGC
GCC GCG TGC CCT TCT C-39; antisense, 59-TGC CTT
TCT TCG TGC TTG CCA GTG-39) and a 350-bp b-actin
fragment (nucleotides 384 to 734; PCR, 94°C denaturation,
56°C annealing, 72°C extension, 35 cycles) with specific
primers (sense, 59-AAC CGC GAG AAG ATG ACC CAG
ATC ATG TTT-39; antisense, 59-AGC AGC CGT GGC
CAT CTC TTG CTC GAA GTC-39). RNA was isolated
using TriReagent (Biozol, Eching, Germany). Northern
analysis, hybridization (56°C), and detection were carried
out using standard methods [9]. b-Actin values were used
to correct for variations in RNA loading.
RESULTS AND DISCUSSION
To demonstrate the specificity of the probes and to
obtain a positive control for the induction of HSPs, cells
were heat shocked, and mRNA and protein were analyzed.
As shown in Figure 1, mesangial cells express HSP25
already under control conditions, whereas in 3T3 cells,
neither HSP25 mRNA nor protein is detectable. After heat
exposure, HSP25 is slightly enhanced in mesangial cells and
weakly induced in 3T3 cells. In both lines, HSP72 and its
mRNA are only detectable after heat exposure, with con-
spicuously lower protein levels in mesangial than in 3T3
cells. As shown in Figure 2, a hypertonic stress had no
influence on the high basal levels of HSP25 (and mRNA,
data not shown) in mesangial cells. HSP72 was induced
after two days and remained detectable up to seven days
(Fig. 3), but the protein amounts were negligible. HSP72
was not detected in the pellet fraction (data not shown). In
3T3 cells, HSP25 was not induced by elevated salt concen-
trations at all (data not shown). In contrast, HSP72 was
expressed strongly already after two days, was decreased
during prolonged exposure, and was still detectable after
seven days (Fig. 2B). The induction pattern for HSP72
mRNA was comparable (data not shown).
That the mesangial cell line studied constitutively ex-
presses high levels of HSP25 and that exposure to hyper-
tonic stress has no influence on the expression of HSP25 in
either cell line suggest that the high levels of HSP25 in the
EGM are not a consequence of high tonicity, but rather a
characteristic feature of mesangial cells. HSP25 is thought
to be associated with the contractile machinery of vascular
Fig. 1. The mRNA (A) and protein (B) levels of heat shock protein
(HSP)25, HSP72, and b-actin in control mesangial and 3T3 cells and
after exposure to 41.5°C for five hours (HS).
Fig. 2. Levels of heat shock protein (HSP)25 in mesangial cells (A) and
of HSP72 in 3T3 cells (B) after addition of 150 mM NaCl to the medium
for two to seven days in cytoplasmatic and pellet fractions. Abbreviation
is: n.d., not detectable. Symbols are: (f) cytoplasm; (M) pellet.
Fig. 3. Heat shock protein (HSP)72 induction in mesangial cells (cyto-
plasmatic fraction) after addition of 150 mM NaCl to the medium for two,
four, or seven days.
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smooth muscle cells [10]. EGM cells contain also high
amounts of microfilaments, exhibit a structure similar to
arteriolar smooth muscle cells [11], and are also contractile
in vitro [5]. Thus, high HSP25 contents may result from
association of this protein with the contractile apparatus of
EGM cells.
HSP25 is known to be cytoprotective when present in
high amounts. Should HSP25 exert this function also in
mesangial cells, one might expect that the stress-induced
expression of the major protective HSP, HSP72, would be
reduced. Although the induction of HSP72 in mesangial
cells was very weak after both heat and hypertonic stress, it
was enhanced greatly in 3T3 cells. Thus, in mesangial cells,
the high basal levels of HSP25 seem to reduce the require-
ment for HSP72 after stress exposure, suggesting that
HSP25 may assume protective functions in mesangial cells,
which are usually exerted by HSP72.
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